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(57) ABSTRACT 


A motor controller system uses a rotary sensor with a 
plurality of signal conditioning units, coupled to the rotary 
sensor. Each of these units, which is associated with a 
particular range of motor output shaft rotation rates, generate 
a feedback signal indicative of the position of the motor’s 
output shaft. A controller (i) converts a selected motor output 
shaft rotation rate to a corresponding incremental amount of 
rotational movement for a selected fixed time period, (ii) 
selects, at periodic completions of the selected fixed time 
period, the feedback signal from one of the signal condi- 
tioning units for which the particular range of motor output 
shaft rotation rates associated therewith encompasses the 
selected motor output shaft rotation rate, and (iii) generates 
a motor drive signal based on a difference between the 
incremental amount of rotational movement and the feed- 
back signal from the selected one of the signal conditioning 
units. 

18 Claims, 1 Drawing Sheet 
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MOTOR CONTROLLER SYSTEM FOR 
LARGE DYNAMIC RANGE OF MOTOR 
OPERATION 

ORIGIN OF THE INVENTION 

The invention was made in performance of work under a 
NASA contract and by employees of the United States 
Government and is subject to the provisions of Public Law 
96-5 17 (35 U.S.C. §202) and may be manufactured and used 
by or for the Government of the United States of America for 
governmental purposes without the payment of any royalties 
thereon or therefor. In accordance with 35 U.S.C. §202, the 
Contractor has elected not to retain title. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to motor controllers. More specifi- 
cally, the invention is a motor controller system that pro- 
vides a large dynamic range of motor operation for a single 
motor. 

2. Description of the Related Art 

Many mechanical drive system applications (e.g., robot- 
ics, materials processing furnaces, medical scanning 
devices, telescope drives, solar array drives, etc.) require 
that motor rates (e.g., revolutions per minute) be controlled 
for both very slow rates of much less than one revolution per 
minute and very high rates of several thousand revolutions 
per minute. In order to meet these requirements, the prior art 
has generally utilized two motors with associated control 
electronics for each motor. Typically, a stepper motor driven 
through a speed reduction gear is used to satisfy slow motor 
rate requirements while a DC servo motor is used to satisfy 
high motor rate requirements. Unfortunately, there are 
numerous problems with these two-motor systems. For 
example, stepper motors inherently waste power, are not 
normally designed to operate at high speeds, and have 
resonant frequencies of operation that can induce vibrations 
in the system to which the stepper motor is coupled. Further, 
use of reduction gears adds complexity and disturbances to 
the overall mechanical drive system. Still further, two-motor 
mechanical drive systems must utilize a clutching mecha- 
nism to clutch the stepper motor out of the system when high 
motor rates are required. Finally, the two-motors and asso- 
ciated electronics, clutching mechanism/gears add weight, 
size and cost to the overall mechanical drive system. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a control system that can accurately control a single 
motor from very slow to very fast rates of rotation. 

Other objects and advantages of the present invention will 
become more obvious hereinafter in the specification and 
drawings. 

In accordance with the present invention, a motor con- 
troller system is provided and is adapted for use with a motor 
having a drive input and a rotating output shaft that rotates 
at a rate corresponding to the drive input. The motor 
controller system uses a rotary position sensor adapted to be 
coupled to the motor’s output shaft. The rotary position 
sensor senses a rotational position of the output shaft and 
generates a position signal indicative thereof. Each of a 
plurality of signal conditioning units coupled to the rotary 
position sensor are associated with a particular range of 
motor output shaft rotation rates. Each of these units (i) 


2 

monitors the position signal, and (ii) generates a feedback 
signal indicative of the rotational position of the motor’s 
output shaft. A controller is coupled to the signal condition- 
ing units and is further adapted to be coupled to the motor’s 
5 drive input. The controller (i) converts a selected motor 
output shaft rotation rate to a corresponding incremental 
amount of rotational movement for a selected fixed time 
period, (ii) selects, at periodic completions of the selected 
fixed time period, the feedback signal from one of the signal 
to conditioning units for which the particular range of motor 
output shaft rotation rates associated therewith encompasses 
the selected motor output shaft rotation rate, and (iii) gen- 
erates a motor drive signal based on a difference between the 
incremental amount of rotational movement and the feed- 
15 back signal from the selected one of the signal conditioning 
units. The generated motor drive signal is applied to the 
motor’s drive input. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

20 

Other objects, features and advantages of the present 
invention will become apparent upon reference to the fol- 
lowing description of the preferred embodiments and to the 
drawings, wherein corresponding reference characters indi- 
25 cate corresponding parts throughout the several views of the 
drawings and wherein; 

FIG. 1 is a block diagram of a closed-loop motor control 
system for controlling a motor’s rotation rate in accordance 
with the present invention; and 
30 FIG. 2 is an isolated view of motor position sensing and 
signal conditioning elements in accordance with a preferred 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
35 EMBODIMENT(S) 

Referring now to the drawings, and more particularly to 
FIG. 1, a motor controller system according to the present 
invention is shown coupled to a motor 100. By way of 
40 illustrative example, motor 100 is a DC brushless servo 
motor although other motors such as a DC brush motor or 
AC induction motor could also be controlled by the present 
invention. As is known in the art, motor 100 has an output 
shaft 102 that rotates (as indicated by arrow 104) at a rate 
45 dictated by a drive signal supplied to motor 100. Although 
not shown, a device or system to be driven by output shaft 
102 would be coupled thereto as is well known in the art. 
The present invention controls the motor’s drive signal to 
thereby control the rotation rate of output shaft 102 from 
so very slow rates of rotation (e.g., much less than one revo- 
lution per minute or RPM) to very fast rates of rotation (e.g. , 
on the order of several thousand RPMs or more). 

A selected rate of rotation (e.g., in RPM) for output shaft 
102 is provided by a rate input device 10 which can range 
55 from a simple set of manually-operated selection switches to 
a computer that provides for the manual or automatic 
generation of a rate input. Accordingly, it is to be understood 
that the type and operation of rate input device 10 is not a 
limitation of the present invention. It is further to be under- 
go stood that rotation input device 10 need not even be included 
in the present invention in situations where the present 
invention is being retro-fitted to an existing application. 

The selected rotation for output shaft 102 is input to a 
controller 20, the functions of which can be implemented by 
65 means of a single processor or by individual components 
performing one or more functions of controller 20. By way 
of illustrative example, controller 20 is shown and will be 
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described as having several functional components/blocks 
that cooperate to generate a motor drive signal at the output 
thereof. At this point in the description, it is sufficient to say 
that the motor drive signal output from controller 20 is used 
as the drive input for motor 100. If needed, the motor drive 5 
signal output from controller 20 can be boosted by an 
amplifier 30 (shown in dashed line form to indicate its 
optional nature). For example, if the generated motor drive 
signal is in the form of a current, amplifier 30 is a current 
amplifier. to 

A rotary position sensor 40 is “coupled” (e.g., mechani- 
cally, optically, electronically, etc.) to output shaft 102. 
Sensor 40 is any device capable of sensing a rotational 
position of output shaft 102 during rotation thereof. By way 
of illustrative example, sensor 40 can be a single or multi- 15 
speed resolver with a multi-speed resolver being preferred as 
it increases the resolution capability of the present invention 
as will be explained further below. 

The rotational position output from sensor 40 is supplied 
to two or more signal conditioning units 50. In terms of the 20 
use of a resolver for sensor 40, the output therefrom is 
continuously supplied to signal conditioning units 50. Each 
of units 50 is associated with a range of rotation rates of 
output shaft 102 for specific application requirements of 
motor 100. For example, if motor 100 must operate from 25 
speeds ranging from 0.0001 RPM to 6000 RPM, one of units 
50 could be associated with a very slow rotation range (e.g., 
0.0001-2.5 RPM) while a second of units 50 could be 
associated with a faster rotation rate range (e.g., 2.5-6000 
RPM). Additional units 50 could be used (if smaller rate 30 
ranges are desired) without departing from the scope of the 
present invention. 

Each of units 50 converts the output of sensor 40 to digital 
steps or increments indicative of the position of output shaft 
102 during each revolution thereof. The number of incre- 35 
ments or resolution for each of units 50 is dependent on the 
rotation rate range associated with the particular one of units 
50. For example, if the application requires a high degree of 
precision at the very slow rotation rates, a large number of 
position increments must be measurable by the combination 40 
of rotary position sensor 40 and the relevant one of signal 
conditioning units 50. Note that the resolution provided by 
this combination can be enhanced through the use of a 
multi-speed resolver for sensor 40. That is, the speed of the 
resolver (e.g., two-speed, four-speed, etc.) serves as multi- 45 
plier for the incremental precision provided by each of units 
50. The digital outputs from units 50 are continuously 
supplied to controller 20. 

As mentioned above, controller 20 generates the motor 
drive signal used to drive motor 100. In general, controller 50 
20 uses the selected rate of rotation provided by rate input 
device 10 and the output of one of units 50 to precisely and 
accurately generate the motor drive signal over the entire 
range of rotation rates for a given application of motor 100. 
More specifically, a rate converter 22 converts the selected 55 
rate of rotation (supplied by device 10) to a corresponding 
incremental amount of (rotational) movement of output shaft 
102 for a selected time period or frequency. The correspond- 
ing incremental amount of movement should be a portion of 
one revolution of output shaft 102 while the fixed time 60 
period associated therewith is the time it takes for output 
shaft 102 to rotate that amount at the selected rate of 
rotation. Thus, the incremental amount of movement essen- 
tially equates to a position of output shaft 102 at the 
completion of each fixed time period 65 

A processor 24 uses the selected rate of rotation (or its 
corresponding incremental amount of movement) to select 
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one output from signal conditioning units 50 by means of a 
feedback selector 26 (e.g., a hardware switch, a software 
“switch”, etc.). More specifically, processor 24 operates to 
sample the digital position output from the one of units 50 
at the completion of each time period associated with the 
incremental amount of movement generated by rate con- 
verter 22. The selected one of units 50 will have a range of 
rotation rates that includes or encompasses the selected rate 
of rotation provided by rate input device 10. Processor 24 
then generates the motor drive signal based on the difference 
between (i) the “position” command for output shaft 102 (as 
required by the selected rate of rotation), and (ii) the actual 
position of output shaft 102 which is in the form of an 
incremental or digital position from the selected one of units 
50. Ideally, this difference is zero. Therefore, processor 24 
operates to reduce or minimize this difference as is known 
in the art of closed-loop feedback systems. 

Referring now to FIG. 2, a preferred embodiment for 
output shaft position sensing and signal conditioning is 
shown in isolation. Specifically, the position of output shaft 
102 is sensed continuously by a multi-speed resolver 42 and 
the signal conditioning is provided by a plurality of resolver- 
to-digital converters 52. Each of converters 52 can be 
configured for a particular range of rotation rates as 
described above. 

The advantages of the present invention are numerous. A 
single motor is controlled precisely and accurately by simple 
electronics, i.e., a single rotational position sensor and 
multiple signal conditioning units with each unit being 
associated with a particular range of rotation rates. Control 
is provided over a wide dynamic range of rates thereby 
making the control system of the present invention useful for 
a variety of mechanical drive systems. 

Although the invention has been described relative to a 
specific embodiment thereof, there are numerous variations 
and modifications that will be readily apparent to those 
skilled in the art in light of the above teachings. It is 
therefore to be understood that, within the scope of the 
appended claims, the invention may be practiced other than 
as specifically described. 

The invention claimed is: 

1. A motor controller system adapted for use with a motor 
having a drive input and a rotating output shaft wherein the 
output shaft rotates at a rate corresponding to the drive input, 
said motor controller system comprising: 
converting means for converting a selected motor output 
shaft rotation rate to a corresponding incremental 
amount of movement for a fixed time period; 
a rotary position sensor adapted to be coupled to the 
motor’s output shaft, said rotary position sensor sens- 
ing a rotational position of the output shaft and gener- 
ating a position signal indicative thereof; 
a plurality of signal conditioning units coupled to said 
rotary position sensor, each of said plurality of signal 
conditioning units being associated with a particular 
range of motor output shaft rotation rates, each of said 
plurality of signal conditioning units (i) monitoring 
said position signal, and (ii) generating a feedback 
signal indicative of said rotational position of the 
motor’s output shaft; and 

an error correction processor, coupled to said converting 
means and said plurality of signal conditioning units 
and further adapted to be coupled to the motor’s drive 
input, for (i) selecting, at completion of each said fixed 
time period, said feedback signal from one of said 
plurality of signal conditioning units for which said 
particular range of motor output shaft rotation rates 
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associated therewith encompasses said selected motor resolver-to-digital converter coupled to said resolver for 

output shaft rotation rate, and (ii) generating a motor generating a digital representation of said position signal, 

drive signal based on a difference between said incre- 10. A motor controller system as in claim 7 wherein said 
mental amount of movement and said feedback signal rotary position sensor comprises a multi-speed resolver. 


from said one of said plurality of signal conditioning s 
units, wherein the motor drive signal is applied to the 
motor’s drive input. 

2. A motor controller system as in claim 1 wherein said 
rotary position sensor comprises a resolver. 

3. A motor controller system as in claim 2 wherein each to 
of said plurality of signal conditioning units comprises a 
resolver-to-digital converter coupled to said resolver for 
generating a digital representation of said position signal. 

4. A motor controller system as in claim 1 wherein said 

rotary position sensor comprises a multi-speed resolver. 15 

5. A motor controller system as in claim 4 wherein each 

of said plurality of signal conditioning units comprises a 
resolver-to-digital converter coupled to said multi-speed 
resolver for generating a digital representation of said posi- 
tion signal. 20 

6. A motor controller system as in claim 1 further com- 
prising means for supplying said selected motor output shaft 
rotation rate to said converting means. 

7. A motor controller system adapted for use with a DC 
motor having a drive input and a rotating output shaft 25 
wherein the output shaft rotates at a rate corresponding to the 
drive input, said motor controller system comprising: 

converting means for converting a selected motor output 
shaft rotation rate to a corresponding incremental 
amount of rotational movement for a fixed time period, 30 
wherein said incremental amount of rotational move- 
ment is less than one revolution of the motor’s output 
shaft; 


11. A motor controller system as in claim 10 wherein each 
of said plurality of signal conditioning units comprises a 
resolver-to-digital converter coupled to said multi-speed 
resolver for generating a digital representation of said posi- 
tion signal. 

12. A motor controller system as in claim 7 further 
comprising means for supplying said selected motor output 
shaft rotation rate to said converting means. 

13. A motor controller system adapted for use with a 
motor having a drive input and a rotating output shaft 
wherein the output shaft rotates at a rate corresponding to the 
drive input, said motor controller system comprising: 

a rotary position sensor adapted to be coupled to the 
motor’s output shaft, said rotary position sensor sens- 
ing a rotational position of the output shaft and gener- 
ating a position signal indicative of each said rotational 
position so-sensed; 

a plurality of signal conditioning units coupled to said 
rotary position sensor, each of said plurality of signal 
conditioning units being associated with a particular 
range of motor output shaft rotation rates, each of said 
plurality of signal conditioning units (i) monitoring 
said position signal, and (ii) generating a feedback 
signal indicative of said rotational position of the 
motor’s output shaft; and 

a controller, coupled to said plurality of signal condition- 
ing units and further adapted to be coupled to the 
motor’s drive input, for (i) converting a selected motor 


a rotary position sensor adapted to be coupled to the 
motor’s output shaft, said rotary position sensor sens- 35 
ing a rotational position of the output shaft and gener- 
ating a position signal indicative thereof; 
a plurality of signal conditioning units coupled to said 
rotary position sensor, each of said plurality of signal 
conditioning units being associated with a particular 40 
range of motor output shaft rotation rates, each of said 
plurality of signal conditioning units (i) monitoring 
said position signal, and (ii) generating a feedback 
signal indicative of said rotational position of the 
motor’s output shaft; 45 

an error correction processor, coupled to said converting 
means and said plurality of signal conditioning units, 
for (i) selecting, at completion of each said fixed time 
period, said feedback signal from one of said plurality 
of signal conditioning units for which said particular 50 
range of motor output shaft rotation rates associated 
therewith encompasses said selected motor output shaft 
rotation rate, and (ii) generating a motor drive signal 
that minimizes a difference between said incremental 
amount of movement and said feedback signal from 55 
said one of said plurality of signal conditioning units; 
and 

an amplifier, coupled to said error correction processor 
and adapted to be coupled to the motor’s drive input, 
for amplifying said motor drive signal wherein the 60 
motor drive signal is applied to the motor’s drive input. 

8. A motor controller system as in claim 7 wherein said 
rotary position sensor comprises a resolver. 

9. A motor controller system as in claim 8 wherein each 
of said plurality of signal conditioning units comprises a 


output shaft rotation rate to a corresponding incremen- 
tal amount of rotational movement for a selected fixed 
time period, (ii) selecting, at periodic completions of 
said selected fixed time period, said feedback signal 
from one of said plurality of signal conditioning units 
for which said particular range of motor output shaft 
rotation rates associated therewith encompasses said 
selected motor output shaft rotation rate, and (iii) 
generating a motor drive signal based on a difference 
between said incremental amount of rotational move- 
ment and said feedback signal from said one of said 
plurality of signal conditioning units, wherein the 
motor drive signal is applied to the motor’s drive input, 

14. A motor controller system as in claim 13 wherein said 
rotary position sensor comprises a resolver. 

15. A motor controller system as in claim 14 wherein each 
of said plurality of signal conditioning units comprises a 
resolver-to-digital converter coupled to said resolver for 
generating^ digital representation of said position signal. 

16. A motor controller system as in claim 13 wherein said 
rotary position sensor comprises a multi-speed resolver. 

17. A motor controller system as in claim 16 wherein each 
of said plurality of signal conditioning units comprises a 
resolver-to-digital converter coupled to said multi-speed 
resolver for generating a digital representation of said posi- 
tion signal. 

18. A motor controller system as in claim 13 further 
comprising means for supplying said selected motor output 
shaft rotation rate to said controller. 


* * *. * * 



